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(57J ABSTRACT 

The invention concerns an arrangement including a micro- 
processcH^ controller. PROM memory, and a digital to analog 
converter (DAC) arrangement far generating a plurality of 
control voltages for trimming respective ones of a plurality 
of varactor controlled tunatsle filters. The controller couples 
digital control signals to the respective DACs whidi gener- 
ate respective analog control voltages which are applied to 
the respective tunable filters. A tuning voltage generated by 
a closed control loop, such as phased locked loop also under 
the control of the controller, is combined with the ou^ut 
control voltages generated by the respective DACs in a 
resistance divider arrangement 

5 Claims, 4 Drawing Sheets 
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1 2 

TELEVISION TUNING APPARATUS DETAILED DESCRffTION OF THE 

PREFERRED EMBODIMENT 

This is a continuation of application Set No. 08/204^9, p|Q, |^ shows a tuner section 10 of a television apparatus^ 

filed Mar. 7, 1994, now abandoned. and includes an input 12 for receiving television RF caniers 
r^r^ rMTXTT^ ^ provided by an antenna* cable system, or other input device, 

BACKGROUND ^ ^ received RF signals are filtered by an 

The present invention pertains to the frequency alignment input RF filter M to attenuate undcsired signals. The output 

of a plmaUty of tunable filters of a tuner which have a tuning signals of filter 14 are anoplifled by RF an^plificr 1«. The 

frequency refuses which are determined by the magni- ou^ut signals of an^lifier 16 are coupled to a double tuned 

tudes of rea)ective control signals. RF ou^ut filter 18 which Inclndes two tunable circuits 20 

Tunable filters responsive to the magnitude of a control and 2Z The RF signals from circuit 22 are coupled to mix« 

signal, e.g., a tuning voltage, are empl^ed to select one RF 24 and are het^odyncd wito the output signal of a local 

aSte bom a S^ality of itceivS RF cairicis, and for osdUaiar ^ winch has its frequency confroUed by phase 

derating a loil oscSator (LO) signal having the appro locked loop (PLL) 28 m lesj^nse to a tuning voltege Vta 

Jriatefre;uencyfcrhetc«>d)Lgtheselect^ The output ofmixer 24 is an IF signal which is amplified 

produce me IF signal. When the passband of the RF filters fi^^red by IF amphfier 30. 

do not propcdy track with each other and ttic frequency of Tunable filters 14, 20, 22 each include a tuned circuit 

thelocaIoscillatorsigDal.thedesiredresultantIFsignalmay comprising an inductor and a varactor diode connected in 

be dcgiradcd and the possibiUty of crosstalk from adjacent parallel combination. The varactor diodes of tuning filters 

TV channels is increased. W. 20 and 22 receive respective tuning voltages Vc32, Vc34 

Tunable filters usuaUy include a voltage controlled andVc36. „ ^ ^ . 

capacitance (varactor) diode as a frequency control element Twining voltages Vcl4, Vc20 and Vc22 for tuned arcuite 

because a varactor diode exhibits a capacitance vs, voltage 14. 20, and 22 arc generated by a respcctiye DAC and: 
diaractcristic when they are reverse biased. 25 combiner units 32, 34, and 36 in response to digital signals 

^. ^ c s i™j fed firom microprocessor (uP) 40 and the tuning voltage Vto^ 

Owhig tothe nomial tolerances ofcomponents e^^^^^^^ ^ ^^^^^/^ ^^^^^ miaoW«« 40 

in tunmg ^sterns and to normal produOion vaiiaUon^^^^^ ^ adjustment coitrol signals 

n^essary ihatlheti^^ the RF tuner teimtiaUy 8 ^le dLmined from data kored in PROM 42 and. 

f^^^V^^^' This IS be<^se the yamctar diodes addressable DACs 32, 34, and 36; 

in the RF filters and load osdUatordicuits do not have ^0 J ^^^^^^ ^ 

precisely the same «ipacitonce char«^^^^^^ ^ i, digiS^ to; 

age range corresponding to the Uining band of frcq««c^es ^^S.Jn response to die digital division factor, N, PLL 28 ; 
TTus initid adjustment typically involves «echanicaUy ^ tuningToltage Vto to adjust the fre.: 

primming- mductive and capadtiyee^^^ Juency of local os<Ltor^ by changing the capacitance of 

frequencyresponsesoflhevancHistuiicdcirautsar^^ 35 fl""^^^ ^ ^^^^ wiTlocal ^dilator 26. 
and track one another throughout one or more frequeocy ^ ^ ^ ^ 

bands. However, these ahgnment adjustments arc often Ks«sn« .in.tc ^^A \^ 

time-oonsuming,soinetimesrequiringaniterativeaUgnmem^ combuung units 32, 34, and 36, ^. ^ . ,^ 
uiu^-i^auiuuig, s.v*^ 6 ©— production at the factory, the optimum tnrammg volt- 

Iioccdurc. ^ ages provided by respective DACs of units 32. 34, and 36 for 

SITMMARY OF THE INVENTION tuning the varactor diodes of tuning circuits 14. 20. 22 are 

determined. The tuning voltages Vcl4, Vc20 and Vc22 for> 

The InvenUon concerns an arrangement inchidiDg a tunable dicults 14, 20 and 22 respectively are a combination 
microprocessor controDer, PROM memory, and a digital to voltage corresponding to the digital trimming^ 

analog converter (DAQ arrangement for generating a plu- conUoU signal received from PROM 42 via microprocessor^ 
raUty of control voltages for trimming respective ones of a ''^ ^ ^^^^^ received on line 46 from PLL 2S, ' 

plurality <rf varactor cootroUed tunable filters. The controUcr as wiU be discussed more fully below, 
couples digital control signals to the respective DACs which production, the digital trimming control signals to 

genoate i^pective analog contix»l voltages which are ^ 8^ microprocewor 40 for optimal tuning of 
apphed to the rcspertive tunable filters A ^"^^8 voJtage ^,^eiicuits 14,20, and 22 arerecdved via bus line 48 and . 
generated by a closed control loop, such as phased locked « J„ pRQM 42. At a later time, when a viewer enters 
loop dso und^ the «>Dtrol of the contex>Uer, is comtened ^ ^^^^ ^ 5^ ^ ^^^^^ 

with die output control voUages generated by therespective to PLL 28 via line 52 and the digital 

DACs m a resistance divider arrangement trimmmfcontrTdata is read from PROM 42. 

BRIEF DESCRIPnON OF THE DRAWINGS 55 Rrfeiring now to FIG. 2, there is showD die DAC and 

combining circuitry widiin eadi of units 32, 34, and 36 

FIG. lis a block diagram of a tuner erf a television system ^^^^^ ^ ^^^^ pjQ ^ ^^^^^ ^^^^^ 

which may utilize an arrangement constructed according to microprocessor 40 ccrresponding to the digital trimming 
aspects of die present invention. ^^^^ ^ VKOM 42 is a pulse width modulated (PWM) 

FIG. 2 is a sdiematic of an arrangement constructed ^ pulse signal. The PWM signal controls electronic switch 50. 
according to the present invention which may be employed Switch 50 is coupled between one end of a voltage divider 
in the television system shown in FIG. 1. con^sing resistors 52 and 54 and signal ground. The other 

FIG. 3 is an block diagram representation of die arrange- end of the voltage divider receives a reference voltage Vrcf. 
ment shown in HG. 2. Reference voltage Vref is the combination of a divided down 

FIG. 4 is a schematic diagram of a modification of die 63 vosion of FLL tuning voltage Vto and a constant voltage Vo 
arrangement shown in FIG. 2 including a tciq>erature com- according to the equation Vref=kVtofVo (see FIG. 3). A 
peosation circuit voltage VI developed at die junction of resistors 54 and 52 
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is fed to non-invciting input 56 of q>ecational an^iifier (op 
amp) 58. A voltage Vr ii fed to invertiiig input 60 through 
resistor 6Z Voltage Vr provides an adjustable **offscr volt- 
age for centering the output tuning voltage Vc within the 
adjustment tuning range for the pafticuiar band of frequen- 
cies which arc being tuned. Output tenninal 64 is coupled to 
output filter 66 comprising resist<n- 68 and capacitor 70, widi 
feedback being provided from tenninal 64 to terminal 60 by 
resistor 72 and c^citor 74. 

A blodc diagram versioa of the circuit shown in FIG. 2 is 
shown in FIG. 3, wherein Ukc members have like designa- 
tions. FIG. 3 shows the combination of a version of voltage 
Vto (anqilified fay a factor Ko) and constant voltage Vo to 
form Vref. Voltage Y 1 is combined with a version of voltage 
Vr amplified by a factor G to produce an output signal at line 
64. The later signal is lowpass filtered by low pass filter 66 
to produce tuning voltage Vc. 

Mathematically, the control voltage can be expressed as; 



if GKo=l, Vr=Vo, 
simplifies to: 



and K2(Gf I)=2, the above equation 



If Ko=:0.16 and Vo=l, then ±1 volt fw Vc=0, and ±5 vdts 
for Vc=25. 

FIG. 4 shows a temperature compensation circuit 75 for 
tenq^erature compensating the circuit of FIG. 2. Tcnperature 
compensation circuit 75 is substituted for the source of 
"offscr voltage Vr of the arrangement shown in FIG. 2. The 
bases of each of transistors 80. 82 are coipied to a source of 
voltage Vrl through resistor 76. with the collector of tran- 
sistor 80 being coupled to Vrl through resistor 78 and the 
collector of transistor 82 being coupled dirccUy to source of 
voltage Vrl. The emitters of transistors 80 and 82 are 
respectively coupled to ground through resistors 84 and 86 
with ouqxit voltage Vr being taken across resistor 86. A 
temperature conqvensated version of Vr is provided by 
transistor 82. The base-to-emitter voltage change of transis- 
tor 82 witii changes of temperature are tracked by the 
base-emitter voltage change of transistor 80. 

The ^Jplication of Vto from the FLL reduces the number 
€i cfaaniiels requiring alignment and therefore the total^ 
amount of data requiring storage in the FROM. If the tuning 
voltage (Vc) for the tunable filters 14, 20, and 22 were 
responsive only to die DACs. not only would the DACs need 
to be high resolution DACs, but tadx channel would require 
alignment data. However, with the tuning voltage Vc being 
responsive to Vto, the tuning voltage Vc will change with 
channel even for the same DAC ou^uL This first approxi- 
mation provided by the application <^ Vto is sufficient for 
alignment over a small range of channels, thus reducing the 
number of channels requiring unique data. Both the reduced 
range of the DAC and the fewer number of channels 
requiring unique alignment data means that much less data 
needs to be stored in the PROM with a subsequent savings 
of cost of the PROM, 

The voltage divider of resistors 5Z 54 maintains the first 
approximation offered by the ai^lication of Vto. If (he 
divider were not present (resistor 52 being replaced by a 
short circuit wire), the voltage VI at 56. and consequently 
the tuning voltage Vc, would be zero for a DAC setting of 
zero. Thus, for channels requiring a large Vto, the adjust- 
ment range of Vc afiorded by the DAC would also be large 
(zero volts to more than Vto) and the DAC resolution would 



10 



15 



25 



have to be larger. The inclusion of the resistive voltage 
divider 52, 54 prevents the tuning voltage Vc from reaching 
below a predetermined minimum when the DAC output 
voltage is zero volts and Vto is large. 

With die proper selection of component values, the appli- 
cation of Vto, as rqnesented fay Vref combined with die 
resistive voltage divider 52, 54, work to jHOvide a tuning 
voltage Vc substantially equal to Vto when the DAC is set 
to the mid-range tuning for a particular channel As the DAC 
setting is increased or decreased from mid-range, the tuning 
voltage Vc is ofifoet from Vto. FUrdier. the offset tuning 
range provided by die DAC is pcoportio nal to Vto providing 
a greater tuning range at high channels where the varactor 
sensitivity is less and a lower mning range at low cfaaiuiels 
where greater voltage resolution is needed. 
I rffti'*"^ 

1. In a tuning system including input means fot receiving 
a plurality of RF signals cotrespooding to respective chan- 
nels and frequency selection means for selecting one of said 

20 plurality of RF signals corresponding to a respective 
selected channel, ^qpparatus comprising: 
a tunable circuit coupled b^ween said input means and an 
output and coq>erating to control frequency character- 
istics of apparatus coupled between said input means 
and said output, said tunable circuit including a reactive 
element having a reactive value determined by a mag- 
nitude of an analog contr<d signal; 
means for selecting a diannel; 
means for providing a digital control signal in response to 

the frequency of said selected channel; 
means f<v converting said digital control signal to a 

carresponding pulse control signal; 
means for generating an analog timing voltage having a 
magnitude responsive to the frequency of said selected 
channel; 

nieans for scaling a version of said analog tuning voltage 
in response to said pulse control signal to produce a 
comMned control signal with the value d scaling being 
dependent upon the duty cycle of said pulse control 
signal, and 

means for coupling said combined control signal to said 
tunable circuit for adjusting the tuning of said tunable 
circuit. 

2. The apparatus of daim 1 wherein said means foTy 
providing said digital control signal includes mem<»y means/ 
for storing digital data related to the tuning of said channels;' 
and processor means for causing said data to be read from 
said memory means. 

3. Tlie apparatus of daim 1 wherein (he analog mning 
voltage is generated by a closed loop for generating a local 
oscillator signal for a conversion means, 

said local oscillator signal having a frequency re^nsive 
to said selected channel and being controlled by said 
analog tuning voltage. 

4. In a tuning system induding input means for recdving 
a plurality of RF signals corre^nding to respective chan- 
nels and frequency sdection means far sdecdng one of said 
plurality of RF signals ccnresponding to a respective 
selected channd, apparams for frequency sdection comprise 
ing: 

a tunable circuit coupled between said inpui means and an 
output and cooperating to control frequency character- 
istics of apparatus coupled between said ii^t means 
and said output, said tunable circuit induding a reactive 
element having a reactive value detennined by magni- 
tude of an analog control signal; 
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means for selecting a channel; 

means for providing a digital control signal in response to 

the frequencies of said selected channel; 
means for converting said digital control signal to a ^ 

coaesponding pulse control signal; 
means for generating an analog tuning voltage having a 

magnitude responsive to the frequencies of said 

selected channel; 
means for scaling a version of said analog tuning voltage lo 

in response to said pulse control signal to produce a 

combined control signal with the value oi scaling being 

determined by the pulse control signal; 
means for coupling said combined control signal to said 

tunable circuit for adjusting the tuning of said tunable 15 

circuity 

said means for scaling including a voltage divider having 

a first end and a second end; 
means for ooupling said version of said analog tuning ^ 

voltage to «dd first end; and 
means for ooupling said pulse control signal to said 

second end. 
5. l\ining apparatus^ comprising: 
a local oscillator signal having a frequency controlled in 

re^Kwse to the magnitude of a tuning signal; said local 



6 

oscillator being included in a dosed loop which is 
responsive to digital data representing a desired chan- 
nel; 

an RF section having a filta tunable responsive to a 
magnitude <^ a tuning signal; 

a memory for storing digital data coiresponding to fre- 
quencies of selected channels; 

means for providing a digital frequency selection signal 
corresponding to the stored digital data; 

means for converting said digital digital frequeocy selec- 
tion signal to a coiresponding pulse signal; 

means for generating an analog tuning voltage having a 
magnitude responsive to the frequencies of said 
selected channel; 

a voltage divider having a hrst end and a second end and 
a point intermediate of said ends; 

means for coupling said pulse signal to said first end; 

means for coupling said second end to a version of the 
analog mning voltage; and 

means coupled to said intermediate point for developing 
said tuning signal for tuning said tunable filter. 

♦ • ♦ « * 
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